Background: IIH is a syndrome characterized by elevated intracranial pressures in the absence of a mass lesion. These patients typically present with chronic and intractable headaches. Cerebrospinal fluid (CSF) diversion fails in relieving the headache in a significant proportion of this population. ONS has been shown to be effective in medically refractory headaches and to our knowledge, has not been attempted as a therapeutic modality in this population. Methods: Four patients with occipital predominant chronic daily headaches and IIH who failed medical management underwent bilateral ONSs. Octopolar percutaneous electrodes were implanted in the defined area of pain. Visual Analog Scale (VAS) was used as an outcome measure. Patient demographics and surgical complications were also reviewed in this retrospective study. Following the trial period, all patients had >50% pain reduction resulting in permanent implantation. Results: All 4 patients had an average improvement of their VAS scores by 75%, with 85% spatial coverage and the remainder of the uncovered region being frontal. Sustained benefits were seen up to 3 years of followup. One patient had a lead erosion requiring removal followed by delayed reimplantation and another lost treatment efficacy at 2 years resulting in explantation. One patient required CSF diversion due to visual threat during the followup period but maintained sustained benefit from her ONS. Conclusions: Bilateral ONS may be a useful treatment option in the management of selected patients with IIH, after standard surgical interventions have been attempted. Bilateral ONS may provide therapeutic option for management of residual headaches in these complicated patients. 
» Introduction
Idiopathic intracranial hypertension (IIH) is a welldescribed syndrome involving elevated intracranial pressures (ICPs) without the presence of a mass lesion. The diagnostic criteria include symptoms of elevated ICP (>25 cm of H 2 O) with papilledema, no localizing signs, normal brain imaging, normal cerebrospinal fluid (CSF), and no identifiable cause.
[1], [2] IIH can be diagnosed in the absence of papilledema with the previously described criteria and unilateral/bilateral cranial nerve VI palsy, empty sella, flattening of posterior aspect of globe, distension of perioptic subarachnoid space with or without a tortuous optic nerve, or transverse sinus thrombosis on magnetic resonance imaging (MRI).
[2], [3] Management of these patients requires a multidisciplinary approach. At our institution, we follow over 200 patients with documented IIH. Often these patients require treatment with medications (diuretics, carbonic anhydrase inhibitors), optic nerve decompressions, and CSF diversion.
[4] Serial lumbar punctures (LPs) can be performed as a temporizing measure to reduce ICP, which may in turn improve the headache symptomatology. Dietary management resulting in weight loss as low as 6% has been shown to reduce papilledema and the vascular phenomena associated with IIH; and, there is often recurrence of papilledema with weight gain.
[3], [5] , [6] After vision has been protected, these patients often present with chronic daily headaches.
[3] CSF diversion has been shown to improve headache; however, at 36 months following the procedure, 48% of patients will have persistent headache despite a functioning shunt, with 80% undergoing revisions.
[3], [7] This is likely because CSF diversion improves headache related to the increased ICP but not other types of headache that are frequently observed in this patient population. These include the tension headaches, migraine, lowpressure headaches due to over shunting, and medicationoveruse headaches.
[3], [5] , [8] In our experience, a subset of patients continues to suffer from disabling headaches even after multimodality medical treatment.
Recently, occipital nerve stimulation (ONS) has been shown to effectively improve medically refractory headaches by stimulation of large sensory afferents.
[9], [10] , [11] , [12] , [13] , [14] The mechanism of action has not been completely elucidated till date but continues to be based on the gate control theory of pain. It has been suggested that the mechanism of action may result from chronic depolarization of sensory afferents, Cfiber inhibition, various neurotransmitters, and even activity at the level of the thalamus.
[13] Therefore, we postulated that the use of this treatment modality may be beneficial in patients with IIH with medically refractory headaches. Here, we describe our experience in using this technique in 4 patients referred to our practice. To our knowledge, this is the first report on the role and efficacy of ONS in the treatment of refractory headaches in patients with IIH.
» Methods
Four patients with IIH, who underwent ONS over a 3year period, were included in this retrospective series. . Three of 4 patients were managed with CSF diversion including one lumboperitoneal and two ventriculoperitoneal shunt systems. One patient was managed with optimum medical treatment for IIH. However, despite optimum medical management with serial monitoring of her CSF opening pressures, her headache persisted and was attributed as 'chronic refractory' and managed with ONS. All 4 patients underwent multiple LPs with opening pressure measurements to rule out increased ICP as a result of shunt failure as the source of their headaches. Each patient in this series had a followup visit with their neurologist and was diagnosed with a chronic migraine type headache that was predominantly occipital in nature. Variable modes of medical management were attempted including invasive procedures such as nerve blocks and Botox injections. All patients were maintained on several pain medications, but continued to have refractory headaches. Greater occipital nerve (GON) blocks were tried in two of the 4 patients with a shortterm benefit. Over time, these blocks became less efficacious. All patients underwent trial implantation of bilateral ONSs (as described below) and had at least 50% reduction in their pain during the trial leading to the decision for implantation of a permanent stimulator. Selfreported verbal analog scale (VAS) scores were obtained during the preoperative evaluation and at last followup visits. 
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Surgical procedure
Surgical implantation of electrodes is usually carried out as a staged procedure.
[15], [16] , [17] xb
Trial implantation of electrodes
Occipital nerve stimulator trials were done as an outpatient procedure in a lateral decubitus position. The procedure was performed either using a general anesthetic or monitored anesthesia care. The suboccipital region was then clipped and prepped. For the trial implantation of electrodes, small skin punctures were made with a Tuohy needle in the suboccipital region/retromastoid region on one side. An ONQ ® (Braun Melsungen AG, Germany) tunneler was molded to match the curvature of the suboccipital region and two sheaths were passed in the subcutaneous plane so as to have one just past the midline and the other near the mastoid contralaterally [ Figure 1 ]. This was done to ensure coverage of both GONs. An octapolar electrode (Octad [Medtronic, Inc., Minneapolis, MN, USA]) was then passed through the sheath. Xrays were obtained to verify appropriate positioning. The sheaths and stylets were removed. The leads were then secured to the skin with 2-0 silk sutures. The patients were discharged following programming for a 7day trial period with an externalized pulse generator. At the return appointment, efficacy was gauged based on the amount of coverage and percentage of pain reduction using the VAS scoring system. 
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Permanent implantation of electrodes
Following the successful trial with >50% reduction in pain on VAS scores, permanent implantation was offered as an outpatient procedure. The patient was taken to the operating room for removal of trial leads and for permanent implantation of new leads and an implantable pulse generator (IPG) [ Figure 2 ]. At this stage, the trial leads were removed, and an approximately 4 cm incision was made in the suboccipital/retromastoid region on the side of greater pain. A subcutaneous pocket was then made for anchoring and formation of a strain free loop of wire. The octopolar leads were tunneled to the same anatomic locations as described during the successful trial under fluoroscopic guidance, anchored, and tunneled to the chest. A 4 cm infraclavicular incision with a subcutaneous pocket was made for IPG implantation.
Radiographs were obtained following the procedure so as to confirm the continuity and location of the implant as shown in [ Figure 3 ]. Programming was performed in the postoperative period, and the patient was then discharged. 
» Results
Occipital nerve stimulation provided at least 50% pain relief in all the 4 patients with refractory chronic daily headaches.
The average improvement in VAS scores was 75%. They had an average of 85% spatial coverage of their headache. The remaining uncovered 15% area was frontal in location. Sustained benefit was seen for up to 3 years in 3 patients.
All patients had their vision followed clinically by fundoscopic examination and continued care by their primary ophthalmologist. No visual complications occurred as a result of ONS.
Complications included one lead erosion due to significant weight loss, which was treated by removal of her system followed by 14 days of antibiotics (cephalexin 500 mg every 6 h). Once she completed her course, she underwent re implantation of her ONS system. Another patient lost treatment efficacy resulting in explantation 2 years after the index procedure. There were no lead infections, lead migrations, lead fractures, or IPG (implantable pulse generator) complications.
One concern during the utilization of neuromodulation therapies in IIH was that it would mask headaches resulting from shunt failure and, therefore, could result in permanent damage to vision due to the delayed diagnosis. However, in this series, treatment of the headaches did not mask the symptoms resulting from elevated ICP. Three patients required treatment with CSF diversion at various points of their care due to the visual threat. One patient was initially managed with a combination of intermittent LPs and medical management, but ultimately required placement of an LP shunt for vision protection. The other two have not required a shunt revision since implantation of the ONS.
» Discussion
Idiopathic intracranial hypertension is a challenging disease that requires collaboration among multiple specialists including neurologists, neurosurgeons, ophthalmologists and pain physicians to manage their chronic pain, vision loss and elevated ICP. Prevention of visual loss should remain the primary goal with the reduction of headache severity and frequency as a secondary objective. This is accomplished with a combination of medical management and surgery. Traditionally, surgery involves a combination of optic nerve sheath fenestration, CSF diversion and subtemporal decompressions. Once the vision has been protected, the secondary goal of headache relief becomes paramount for the patient. Approximately 48% of patients will have some headache improvement with CSF diversion alone, but at 36 months, headaches often return despite a functioning shunt.
[3], [7] There is no clear objective measure that reliably suggests headache reduction in an individual patient. Management of headaches should be done in combination with pain physicians and neurologists. All nonmedicationrelated lifestyle changes for headache hygiene should be tried. The next step often involves medications. A variety of selective serotonin reuptake inhibitors, tricyclic antidepressants and calcium channel blockers should be attempted prior to considering the addition of narcotic analgesics. The complicating factor with narcotic analgesics is medicationoveruse headaches, which becomes a selfpropagating problem that is difficult to correct.
When medical management becomes inadequate, patients often present for surgical options. Those with CSF diversion for the treatment of elevated ICP seek evaluation of their shunts. This results in frequent physician and emergency department visits with high economic costs and little improvement in their symptomatology.
[18] Once a functioning shunt is determined, patients are left with medical management alone to control their headaches. At this point, narcotics often become part of their management with little overall benefit.
In those with medically refractory headaches, neuromodulation has been shown to significantly reduce cluster and occipital headaches.
[9], [10] , [11] , [12] , [13] , [14] , [19] In this series, all 4 patients had predominant occipital headaches that were not related to elevated ICP and were medically refractory suggesting that they were likely to benefit from peripheral nerve stimulation. In addition, this may further imply the existence of a subset of patients with IIH, who may benefit from ONS. Two of our patients underwent occipital nerve blocks prior to surgical intervention with initial benefit. These 2 patients had a sustained and positive therapeutic response to ONS. The patient whose system was ultimately removed did undergo occipital nerve blocks and Botox injections with a shortterm response. She initially had a therapeutic benefit to ONS, but this diminished over time in conjunction with difficulty in charging her IPG that resulted in explantation. We, therefore, suggest that all patients undergo a trial of occipital nerve blocks prior to their being considered for ONS. Based on our experience, patients who respond positively to a nerve block may be better candidates for ONS. However, this does not ensure that patients who do not respond to a nerve block will not respond to ONS.
[20] In our practice, patients deemed to be appropriate candidates for neuromodulation need to undergo neuropsychological testing. The goal is to identify any potential psychological barriers to improvement from neuromodulation. After being considered for surgery, a 7day trial with external leads is used to identify appropriate coverage and a good response to therapy. In our series, all patients benefitted from trial implantation and underwent permanent implantation.
There are specific nuances to this patient population that need to be considered prior to implantation of a stimulator.
First, patients with lumboperitoneal shunts without suboccipital decompression should be counseled about the potential for induced Chiari malformations and the need for myelography to make a diagnosis prior to undergoing ONS implantation. Concern exists for the development of induced Chiari I malformation from overshunting and the inability to obtain an MRI with the current stimulator technology.
[15], [21] MRI is useful for monitoring these potential iatrogenic changes and to ensure that tonsilar herniation is not progressive (that may require shunt ligation or decompressive surgery). Second, in patients with a ventriculoperitoneal shunt, care should be taken with regard to site selection to avoid tunneling near the distal shunt catheter. Tunneling ipsilateral to the shunt could result in damage to the shunt requiring revision/replacement surgery.
We were concerned that ONS in this patient population will interfere with early identification of shunt failure and ultimately place their vision at risk. In this series, ONS did not prevent detection of visual deterioration or the need for shunt revision secondary to elevated ICP. One patient in this series presented with visual complaints and headaches after ONS placement and was found to have increased opening pressure that required placement of a shunt. Similar to programming parameters described in our previous reports, [15] , [17] we have used amplitude, frequency, and pulse width in the range between 0.5 and 2 mAmps, 40 or 50 Hz, and 60-120 µs, respectively, in this series. A large bipolar configuration with guarded active contacts in obese patients was used in our patients. Lower pulse widths and frequencies were usually better tolerated with occasional cycling.
One of the limitations of this study is its retrospective nature and a small cohort of patients. However, we think that our experience provides an initial evidence supporting the role of ONS in the treatment of refractory chronic headaches in patients with IIH following shunt procedures. Further larger studies will be needed to better understand the efficacy of this mode of treatment for chronic refractory headaches in patients with IIH.
» Conclusion
Bilateral ONS may be a useful treatment option in the management of patients with IIH following shunt procedures. Once the vision is protected, some patients still suffer from chronic and disabling headaches that are not responsive to CSF diversion procedures. Bilateral ONS may provide a therapeutic option for management of residual headaches in these complicated patients. However, longterm prospective randomized studies in a large cohort of patients are warranted to validate the efficacy of this therapeutic option.
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